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Abstract 
In this paper the high pressure reflex discharge is investigated. Conditions for the discharge transition from a low-current to a 
high-current mode are considered. The study of the discharge is carried out in the atmosphere of helium at pressures from 1 to 35 
mTorr, with a magnetic field up to 2.1 kG and voltage up to 1.2 kV. The radial profile of the potential distribution in the central 
plane of the discharge (perpendicular to the axis) was obtained by the isolated probe method. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering 
Physics Institute)  
. 
Keywords: Penning or reflex discharge; plasma separation; potential distribution radial profile. 
1. Introduction 
The plasma processing method of spent nuclear fuel is based on separation of uranium fission products from the 
actinides in crossed E H×  fields [Smirnov et al. (2013), Cluggish et al. (2005)]. At the same time a potential well 
is established near the axis of the chamber to capture a heavy fraction of the fuel, thereby removing accumulation 
areas of separated flows from each other. It is possible to establish such a potential well using electrodes placed on 
 
 
* Corresponding author. Tel.: +7-903-249-22-10; 
E-mail address: glizyakin@gmail.com 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
 Gennadii Liziakin and Ravil Usmanov /  Physics Procedia  71 ( 2015 )  138 – 141 139
the end of the cylindrical chamber. If we consider that a magnetic field is directed along the axis, and the vacuum 
chamber is grounded, it is not difficult to see that the proposed geometry corresponds to the reflex discharge. 
A reflex discharge has been investigated since the early Penning’s works [Penning and Moubis (1937)]. The most 
comprehensive review of the works in this area is presented in [Hooper Jr. (1970)]. However, published data do not 
allow to determine before the experiment, which mode of discharge is realized at a given magnetic field, voltage, 
and size of the chamber. This work is created to fill this gap. 
2. Experimental apparatus 
The experimental setup is shown in Fig. 1. A cylindrical vacuum chamber 1 with a diameter of 856 cm and a 
length of 190 cm was in a uniform magnetic field generated by coaxial coils 4. The discharge cathodes 3 with a 
diameter of 4 cm were attached to the dielectric plate 2, which screened the conducting chamber ends from the 
discharge gap. Through the ballast resistor a negative voltage was applied to the cathodes, thus, the anode of the 
discharge was a cylindrical surface of the chamber. 
 
 
Fig. 1. Experimental setup. 
3. Results of measurements 
Current–voltage curves (CVC) of the discharge in a magnetic field were obtained in the following way: initially a 
fixed value of a magnetic field in the range of 0 - 2100 gauss was set. Then interelectrode voltage was increased and 
the discharge current was registered. Fig. 2a presents CVC of the discharge at a pressure of 1 mTorr, it is easy to see 
that the discharge current in the whole range of investigated values of a magnetic field monotonically increases with 
voltage rising on the cathode. At the same time in a magnetic field from 600 V the current increases by two orders 
of magnitude compared to the current in the discharge without a magnetic field under the same voltage. This current 
increase can be explained by the increase of the electrons trajectory length in a vacuum chamber volume. Being 
reflected from cathodes, an electron oscillates along a magnetic line, producing a large number of ionizations, as 
long as it will reach the anode in the result of diffusion. The CVCs are changed fundamentally if pressure of helium 
in the chamber is increased to values of 35 mTorr, (Fig. 2b). In contrast to Fig. 2a, there is a range of values of a 
magnetic field with non-monotonic dependence. At magnetic fields up to 280 gauss CVCs lie to the right of the 
curve corresponding to the discharge without a magnetic field, as in the case of Figure 2a, it is due to the increased 
length of electron path in a vacuum chamber volume. However, for magnetic fields above 560 gauss CVCs lie to the 
left of the curve obtained in the discharge without a magnetic field. Apparently, it is connected with the starting 
mechanism of the breakdown between the anode and cathode in a magnetic field. This conclusion follows from the 
fact that changing the order of turning an electric and a magnetic field on, the discharge current with the same 
parameters will be significantly higher (Fig. 3). 
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Fig. 2. Current–voltage curves. (a) pressure 1 mTorr; (b) pressure 35 mTorr. 
 
Fig. 3. Discharge current versus a magnetic field. (a) For two supply voltage 1200 V (black square) and 900 V (red circle); (b) For different 
pressures. 
Thus, a magnetic field does not prevent the operation of the discharge with a large current, but reduces the 
equilibrium current if at the time of the breakdown it was enabled. Magnetic fields in the range of 280 and 560 gauss 
provide the optimal conditions for operating the discharge and, starting from 800 V, CVC of the discharge becomes 
descended, and the discharge switches to a high-current mode. The explanation of non-monotonic dependence of the 
discharge current on a magnetic field may lie in the area of an electron path analysis. If a magnetic field is increased, 
the electron path length and the number of ionizations will be increased too. This happens until the radius of the 
leading center does not become significantly smaller than the radius of the anode. Since the main voltage drop 
occurs either in the cathode region, or in the anode (in this case the anode region is the volume of the chamber with 
(428 cm = Ra > r > Rc = 2 cm), than further magnetic field increase prevents electrons to gain energy in the radial 
direction. Thus, at high magnetic fields, electrons between collisions manage to collect less energy than at low 
magnetic fields. Consequently, the electron produces a smaller number of ionizations. This process continues as 
long as the magnetic field does not exceed a certain critical value, and the discharge turns off. This critical magnetic 
field is not only determined by pressure (Fig. 3b), but also by the discharge current (see. Fig. 3a). Fig. 3a shows the 
discharge current dependence on a magnetic field. The black curve is obtained with the power supply voltage Uc = 
1200 V, and the red curve with Uc = 900 V. The discharge voltage is determined by the equation U = Uc - IR. At the 
discharge voltage drop about 720 V and a magnetic field of 800 G and a pressure of 35 mTorr the discharge turns 
off, if the discharge current is about 40 mA. If the current is about 80 mA with the same parameters, the discharge 
does not turns off in the whole studied range of magnetic fields. The curves shown in Fig. 3 are obtained at different 
pressures in the range of 5-35 mTorr. The power supply voltage in all cases is 1200 V. Note that at the pressure of 5 
mTorr  the discharge does not switch to a high-current mode in the studied range of voltage and a magnetic field. 
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